
interactions. This also demonstrates the ability of SPC to recover the original clusters when more links are
added to the graph as a result of future experiments.

Statistical significance

If clusters are obtained by some optimization techniques (e.g. Monte Carlo optimization) that seeks to
maximize m, given the size of the cluster n, then the probability to observe a cluster with no less than m
connections approximately follows the Fisher-Tippett extreme value distribution (EVD)

Pevd(m) = exp (− exp (−α(m− u))) (1)

where α and u are parameters of the distribution.

We used this property to estimate statistical significance of clusters. First, we generate 1000 randomly
rewired networks and run MC search on each of them. This way we obtained clusters with m obeying EVD
and derived parameters α(n) and u(n) as a function of cluster size n. Second, we analyzed clusters discovered
in the real network and computed Pevd for each of them using equation 1. Clusters with Pevd < Pcutoff =
10−4 were said to be statistically significant. Figure 1B of the paper presents distribution of Q and their
EVD approximations obtained using randomly rewired networks together with the clusters discovered in the
real network.
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FIG. 4. Cutoff value of Q as as function of the cluster size.

We noticed that α(n) and u(n) scale linearly with n

α(n) =
1

a1n + a2
; u(n) = u1n + u2 (2)

allowing computation of Pevd for a cluster of any size n. One can also establish Pcutoff and then invert these
expressions to obtain Q(n)cutoff , such that any cluster of n nodes with Q > Q(n)cutoff is considered to be
statistically significant. Due to linear scaling of α(n) and u(n) we get

Q(n)cutoff = 2
Ra1 + u1

n− 1
+ 2

Ra2 + u2

n(n− 1)

where R = − log (− log (1− Pcutoff )) ≈ − log Pcutoff . Figure 4 presents Q(n)cutoff for three different values
of Pcutoff . Note that these values of Q(n)cutoff are not transferable to other graphs since they have been

5


